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I, INTRODUCTION 2. MATERIALS AND METHQDS 
‘Gene therapy’ (gene replacement) based on the in- 
troduction of necessary foreign genetic information in- 
to genetically defective somatic cells is becoming more 
and more popular now among current approaches fo 
the therapy of human genetic diseases (for review see 
[I]. Some work in this Zeld is based on the transforma- 
tion of somatic ells in vitro [2-e]. The authors of other 
publications have tried to introduce foreign genetic in- 
formation directly into the cells of a whole animal 
organism using either retroviral constructions [lo] or 
DNA injection into animal cells and organs in vivo 
[Y-9] * 
In the present work, we applied to the direct gene 
delivery into the cells of animal organs in vitro and in 
situ an experimental approach based on biolistic 
methodology. The method consists of bombardment of 
the cells with microprojectiles (tungsten particles) 
covered with DNA containing the necessary genes. It 
was proposed and successfully used for the transfection 
and genetic transformation of plant cells in calluses and 
leaves. Delivery of foreign DNA into these cells by 
other methods of transfection was impossible because 
they had thick walls [lo,1 11. 
We have previously modified the method for the 
transfection of animal cells and demonstrated its ap- 
plicability to the stable genetic transformation of 
cultured NIM 3’FS mouse cells [L-Z]. 
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2, I , Trc~rr.cJkw’cttr III vitro 
Pisces of moiisc :ind rat liver, kidney end mammary yliintla, 
I .S X I .5 illin in size, wcrc placed in plastic Petri dishes with shrcts of 
:I Millipore filler on the bolmii. Ttlc I99 culture medium aup 
plcnirrnrcd with 10% 0T r0clni cnlr serum (IO%), insulin (9 ~cg/nrl), 
dcsamctasnnc (5 &ml) and pr0lilclillC (5 &ml) was used. The ex- 
plants were +iltivnled ilt 37°C in So!0 CQ ror 60-90 min, the cxccss 
Of lhc medium WiIS ltlctl removed, ltv! csptnnis were t~Olllbilrd~d by 
tungsten microprojectiles with plasmid DNA, again cultivated I’or 
X-24 h, nlld IhCll ti1kc11 for a CAT assay pcrformcd using tI standard 
lecllnictrlc 1131. 
2.2. Tratrsfec~ricttr in vivn 
Inbred r&s of the Wistar line (2-3 months old) were ancsthctized 
with cthcr and their abdomen cavity was opened. The liver was taken 
Out aad raised a littlc by means of sterile pads. The animal body, cs- 
ccp~ part of the liver (3 x 3 cm) 10 be bombarded, was shielded from 
microprojcctilcs with a plastic screen, The distance bctwccn the end of 
the barrel and the liver surface was about IS-20 cm. Immediately 
after the bombardment, the liver was placed back into the abdomen 
cavity and the abdominal wall and skin were stitched up, The animals 
were sacrificed 24 h later, the bombarded area of the liver was remov- 
ed and taken for a CAT assay [l3]. 
2.3. Bottrbardtttettr tecYtt]ique 
The shooting technology was mainly similar to that used previously 
I’or the transfection of animal cells [12] and plant calluses [14]. The 
distance between the end of the barrel and the tissue surface was 
about IO-15 cm in experiments with organ explants and 15-20 with 
the liver in vivo. To recluce the contamination of cells with toxic pro- 
ducts of the powder, two diaphragms with the center apertures of an 
increasing diameter were placed between the barrel and the bombard- 
ed tissue. The first diaphragm contained a metal grid I mm x I mm 
mesh in size and the second diaphragm had a grid 0. I4 mm x 0.14 mm 
mesh in size. The first grid was located near the end of the barrel to 
decrease cell damage by the parts of a destroyed macroprojectile. The 
second grid was located as close as possible IO Ihe bombarbed tissues 
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3. RESULTS AND DISCUSSION 
Our work was dividctl into two parts. In the first 
series of cxpcrirncnts mouse and rat liver, kidney and 
miw~mnry gland explants taken in stcrilc conditions 
were cultivated for 60-90 min at 3Y’C and then bomw 
bar&d with tungsten microprojcctilcs covcrcd with 
CAT plnsmid DNA under TAT, ,y- and ,&cascin pro- 
motcrs. The bombarded explants were incubated for 24 
h and after that were taken for a standard CAT assay. 
Four separate shooting experiments were performed. 
The results of an acetylatcd chloramphenicol assay are 
presented in Fig. I. The most pronounced expression of 
a CAT gene can be seen in the liver tissue under a TAT 
promoter. Another 3 experiments gave similar results. 
Fig. 2 shows the results of an acctylated chloram- 
phenicol assay in mouse mammary gland explants after 
shooting with a CAT gene under different promoters. 
Just as in the previous experiment, the most pro- 
nounced expression of the CAT gene can be seen when 
a construction under a TAT promoter was used. 
In the second series of experiments, an attempt was 
made to introduce foreign genes directly into the cells of 
an organ in situ, i.e. as part of a whole organism. Rat 
abdo;nen was opened and the surface of the liver was 
bombarded with microprojectiles carrying plasmid 
DNA @TATcat). After the bombardment, the wound 
was stitched up. The animals were sacrificed 20-30 h 
after the procedure. The CAT assay revealed a marked 
activity of chloramphenicol acetyl transferase in all 
bombarded livers (Fig. 3). 
Our cspcriments havC thus demonstrated that high- 
velocity &croprojcctilcs can be used to intr&cc 
foreign genetic information into cells of rodent organs 
in explants and (in the case of liver) in situ, i.e. as part 
of a whole animal organism. 
The results of high-velocity mechanical DNA injcc- 
tion of foreign genes into liver cells in situ are par- 
ticularly noteworthy, Many plasmids were constructed 
specially for the expression in liver cells during recent 
years [2,3,5]. However, in fact, thcsc genetic construc- 
tions were tested only in vitro, i.e. with cultured liver 
cells, Attempts to introduce thcsc constructions into 
liver cells in vivo using biolistic technology seem to be 
reasonable. One may expect that stimulation cf the 
regeneration process in the liver after its local damage 
Fig. 3, Rcsulrs of an acetylatcd chloramphcnicol assay in rat liver in 
vivo 20 h after the bombardment with microprojectiles carrying n 
CAT gene under a TAT promoter. (1) experiment No I; (2) experi- 
ment No 2; (3) negative control; (4) positive control. 
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by hillh veloclly mieroprojecti les ,pill make ~he in, 
ti:odtlccd lwnes intestate into l iver c~ is by homo,o$ous  
recombination [19] a,~d cause their stable ~enetic 
transformation, 
The possibility to use hiilh velocity mieroprojectiles 
for foreign gene transfer into animal cells in r ive was 
suggested about two years ago by Sanrord [ I I ]  and 
Zelenin et al. [12], Henceforth some prosress in this 
field was reported in the literat~are b-=t only, at least to 
our knowledge, in the form o f  abstracts [15-17] or 
references ~o personal communications [18], Wc 8ive 
here a detailed description of such an investisation. 
REFERENCES 
[ I ] I:ricdnmn, TI~, (1989) S~;icnc¢ 244, 1275. 
121 I.cdley, I'~,D,, Datliosloa, G,J,, Hahn, T, and WoO, S,I.,C. 
(1986) [~ro¢. Nail, Acad. S¢i. USA 84, 5335, 
[31 Pens, H,, Armenumo, D., MacKenzic.Grahan't, L,, Shcn, g.. 
F,, Datlinllton, G.. Ledlcy, F,D., Hahn, T. and Woo, S.I..C 
(191111) Prec. Nail, Aead. St:i, USA 8~, 8146. 
(41 Demctriou, A.A., Whitins, J,F., Feldnlan, D., Lcvcnsnn, S,M.. 
Chowdhury, N,R,, Mov:ioni, A.D., Kram, M. and Chowdhury, 
J,R, (1986) S~icnc~ 233, 1190. 
[~) Wilson, J,M., Birtnyi, L.K., Solon'ton, R.N., Libby, P,, C=dlow, 
A.D,  anti lVlulli$nn, R.C, (1989) Science 244, 1344, 
161 l}k'k. J,l:4,, MalJli, M.C,, lht~ar, D, ~t~d l~hillip~., P..A. ( l~] i  
C¢II 4L 7 I. 
M,.F. 119111 Pro¢, Na~l, A~ad. ~,.'i IJ~A B0, IO~m, 
Gatliardi, D,, Ro~rdillk, F,, $~herPho, G, an~l Nk'ol~u, (~' 
119#]i Pro,:. Nctll. A~.'~td, S¢i, USA 10. 712i. 
IlOI Kl,~in, "r.M, Well  E,D,, Wu, g. and sanrot~d+ J.C. tl9tC~) 
N,"tlur¢ )217, "/(3. 
II II Sanror¢l, J.C. 119~,i1TItiTEOI. 6, -~9. 
I1~1 Zclcnin, A.V,, Kol¢,mikov. V.A. and Titomirov, A V. 11¢)l~91 
FEBS l,¢tI. 2.1,4.65, 
II~| Gorm~n. M,, Motfah I..F, and llo~ard, ILH, i19~2) 2. 1044, 
{141 Mendel, R,R,, Sehalm, J, Muller. I},, Kolc~niko~h V,A. aml 
Zclenin, A,V, (19~91 Thcor, Appl. £|eneti~:s. "/IL 31, 
II~) Zclenin, A.V,. Kol¢~nikov, V.A., Tilomirov, A.V,. ~¢let~ln,1. 
I,A,, lhrminlzcv. V,A,, Zhadanov, A,V,. Gra~h,:huk. M.A, 
,4rid Gorodc~ky. S,I, (1989) Ab~ff:t¢It of 'JSSR.US^ P, ihttcral 
Symposium on Molecular lliolo~y, Tbilhl. USSR., pp 66-67. 
1161 ?.¢lenin, A.V,. Kolc~nikov, V,A., Titomirov, A.V., Zclcnlna, 
I,A,, llarminI~ev, V,A. llenym~ov, A.V,. (3~rodet~ky, S.I,, 
hlimov, A.A. and Ka~an~k:,, A.V, (1990) Cell Biol, Inlcto. 
Eep., Vol 14. Abs~ract~ Suppl., pl 219, 
[171 Johnston, S,A,, William~, R.S,, Rcidy, M., Dclv=n, B,, DeVih 
M,J. =~nd Sanford, J,C, (1990) In ~i¢ro, Vol. 26, N.3 Parl II, p. 
34A, 
(18] Jonsiotl, S.A. (1990) Nature 346, ?'/fi-777. 
[19] Cape*~hi, M,R, (1989) Science 244. 12118, 
96 
